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OBJECT
The object of this thesis is to assist the
geophysical prospector in interpreting the results
of his equipotential surveys by giving him a visual
record of the effects of various field conditions
on equipotential lines.
It is hoped that when a sufficient number
of such records are available, it will be possible
to interpret field results with accuracy and assur-
ance.
vii
The purpose of this thesis has been to make a lab-
oratory analysis of the linear electrode method of equipotential
electrical prospecting. The reactions obtained from miniature
ore bodies at varying depths and in different attitudes were
recorded photographically.
All of the laboratory work was performed in the Geo-
physical Laboratory of the Mining Department at the Massachusetts
Institute of Technology.
The procedure followed was to bury an highly conductive
model in sand and trace the resulting equipotential lines on
the surface. These results have been photographed and catalogued
as to the position and depth of the conductor.
The results obtained indicate that equipotential pros-
pecting is limited to reconnaissance v;ork since it does not
supply sufficient data in regard to the depth, size and shape
of the d eposit.
Tne importance of the proper grounding of electrodes
and the influence of the attitude and depth of the conductor
has been demonstrated. Despite the fact that proper grounding
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is desirable, it was proved that a good conductor makes itself
apparent however poor the contact.
The apparatus used in this work has been shown to be
well adapted to a further study of the theory and results of
equipotential prospecting.
Finally, it is concluded that a complete series of
photographic records similar to those obtained during the
course of this research would be of practical assistance in
the interpretation of equipotential surveys provided they
are studied intelligently. However, for their satisfactory
application, a clear knowledge of the basic principles of
equipotential prospecting is essential.
M/fat o2'.
HISTORY OF EQUIPOTENTIAL PROSPECT1IG
Electrical prospecting for ore was conceived as far
sulphide
back as 1850. It was well known that in general ore bodies
were better conductors of electricity than their surrounding
material. This phenomena was studied but various attempts
with resistivity and self-potential methods met with little
success. Abo-:t the beginning of the twentieth century an
Englishman named A. Williams tried sending alternating current
into the ground and investigating the intensity of the field
by means ofa telephone receiver connected with two moveable
secondary electrodes. On his discoveries a method known as the
Daft and Williams was devised. This method was named after
Williams and an American electrical engineer named Daft. However,
the field technique was poor and the mapping of survey results
rendered little information.
In 1907 the first discovery of ore was made iith
electrical prospecting by a Norwegian named Muenster using
a self potential method and the Swedish field technique de-
veloped for magnetic surveys. Experiments with the Daft and
Williams method were carried out by the Geological Survey of
7 See: Bibliography 3, page 53.
2Sweden in 1912 and the field technique improved, but tie inter-
pretatiun of results was still unsatisfactory.
By this time Schlumberger in France devised a method
of tracing and mapping the equipotential lines of an electrical
field set up in the ground although he was using a direct
current source.
Finally, in 1918 Lundberg and Nath5rst devised the
equipotsntial method using linear electrodes and alternating
cufrent and large areas were subjected to test.
Since that time many practical results have been de-
rived from this method, especially in Sweden and Newfoundland
where conditions are ideal. The method has been used not only
for sulphide ore bodies, but also for salt dome prospecting
with reference to oil and for tracing geological structure.
The interpretation of results is still the most
difficult and most erratic phase of the method. Only a trained
man with a great deal of experience is qualified to attempt
it. Uith tis in mind, the following experiments were conducted
with the hope that,by a comparison of the photographs of lab-
oratory results with maps of field indications,a more definite
interpretation will be possible,
THEORY OF EQUIPOTENTIAL METHODS OF PROSPECTING
When a current is artificially introduced into the
ground, a definite electrical field is set up. By investigating
this field it is possible to gain an idea of the strata through
which the current passes. Upon this phenomena is based the
modern methods of equipotential prospecting.
The first method of introducing the current was by
means of two iron stakes driven into the ground at some dis-
tance apart and connected to a source of current. This is
known as the point electrode method. The latest method is
to substitute for the point electrodes linear electrodes con-
sisting of two lengths of bare copper wire stretched on the
ground parallel to each other and grounded at intervals with
iron pins or stakes. In field practice the length of these
electrodes is as great as b,000 feet and they are spaced 3,000
feet apart. Current may be direct or alternating, but the
latter is preferred both for siniplicity and accuracy.
If the ground between the electrodes is perfectly
homogeneous the lines of current flow will be perpendicular
to the electrodes. However, if there is a mass in this field
such as a sulphide ore body that is a better conductor than
the surrounding material, the current lines will be distorted
and will be concentrated in that body. Since equipotential
liners are always at right angles to current lines, they too
will be distorted and by tracing them it is possible to ob-
tain an indication of the conductive mass.
The inve.tigation of the field between the electrodes
is possible by tracing lines of equal potential, using a pair
of head phones and two iron probes as searching rods. The rods
are connected to each other through the phones. When both
rods are grounded and the points of grounding are at different
potentials current will flow from one rod througjh the phones
to the other causing a buzzing sound in the phones. If, however,
the points of grounding are at the same potential no current
will flow between them and no sound will be heard in the phones.
Using this method, lines of equipotential are easily traced in
the field. One man grounds one rod, another man takes the
second rod and the heac phones and proceeds to locate points
of equal potential as he walks along. When he reaches a point
as far from the other as the connecting wire Aill allow, he
marks his last point with a stake. The rear man brings his
rod up to this point and the front rod man proceeds as before.
The lines thus located are surveyed and plotted on a map. By
5the proper interpretation of these lines any good conducting
medium may be located if it is within the limits of the
apparatus with regard to depth and position.
THEORY OF CONDUCTIVITY RATIO AND DIESCRIPTION OF
LABORATORY CONDITIONS
As vas sh wn above, the principle of equipotential sur-
veying is based primarily on the relation of the conductivity of
one material to that of another. For this reason we are greatly
interested in the ratio of conductivity and its effect on
practical results.
Experiments have.been made to determine the effect of
this ratio. The results are given in terms of sensitivity, using
as a zero point two materials of the same conductivity and as the
100 per cnnt sensitivity point two materialS, one of infinite
resistance and the other a perfect conductor. These results show
that with a ratio of conductivity of one to ten the sensitivity
is 75 per cent. The sensitivity curve above this point flattens
our very sharply so that a ratio of one to a million gives only
90 per cent. Below this ratio, the sensitivity drops off sharply
so that at one to four it is only 40 per cent. For the average
equipotential survey a ratio of one to ten is necessary for a
good indication.
With these facts in view, it is well to investigate
the factors which determine conductivity. There are two which
have the greatest effect: first, the conductivity of the dry
sample; second, the conductivity and content of impregnated
waters. The conductivity of dry rock-minerals, with the ex-
ception of certain ore minerals, may be considered practically
zero. The resistance of the solutions and the pore volume of
the rock are, therefore, of major importance.
Karl Sundberg, Swedish geophysicist, has carried
on research work to determine this relationship between the
conductivity of a rock, that of the penetrating solutions
and the amo-unt of pore volume. In his work he has assumed
that below the water table the pores of a rock are completely
filled with solution and this assumption has been verified by
other investigators. He has worked out a curve using as
abscissae the per cent porosity and a resistance factor for
ordinates. The resistance factor is a ratio between the specific
resistance of the material in situ and the specific resistance
of the solution, see Figure 1, page 9 . By means of this.
curve, if the resistance of the liquid and the per cent pore
volume are known, the total resistance may be computed.
A beach sand containing a slight amount of salt
represented the country rock in this research. This gives
a material which, when wet, has a very low resistance. In
order to carry out equipotential work, it was necessary
£YSee: Bibliography 5, page 53.
8therefore, to use as miniature ore bodies only highly conductive
materials such as copper, lead, or carbon.
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DESCRIPTIN OF APPAIATUS
The apparatus for this thesis is that designed and
used by William H.Graves, Jr. in his study of the use of models
in equipotential prospecting.
Current is supplied from a storage battery connected
in series with a "buzzer", or induction coil. The buzzer changes
the current from direct to alternating and provides for a fre-
quency range between 250 and 500 cycles. Both buzzer and battery
are placed in a room apart from that in which experiments are
made so that the noise does not interfere with the head phone
tone used in tracing the equipotential lines.
The current is conducted to a box of sand in which the
actual work is performed. The sand box is five feet on a side
and 24 inches deep. It is filled to within a few inches of the
top with about two tons of white dune sand from Annisquam,
iassachusetts. Ninety-two per cent of it is through a 35-mesh
Tyler screen. A microscopic study showed that it is composed
mainly of pure quartz grains with small amounts of mica and
feldspar. The box is constructed of two by eight inch planks
and is supported so that its total height is 381 inches.
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The top 12 inches of the box are lined with sheets of
zinc soldered to give a good conducting medium around the box.
This precaution is taken so that the limits of the sand are all
at the same potential in an attempt to approach actual field
conditions.
The current from the buzzer is conducted by a vertical
uire to one edge of the sand box. At this point the wire makes
a complete circuit of the outside of the box and is then led to
one electrode. See Figure 2, on page 15. The other electrode
is attached directly to a vertical wire and thence to the buzzer.
This hook-up is used in an effort to eliminate as much induced
current as possible so that the phones will give good minima,
a difficult condition to approach in a laboratory where the
conductors are so close to the opera.tor.
The electrodes are constructed of two by one half
by 65 inch fir strips pierced at half inch intervals to hold
three-inch nails. Twelve by fourteen three-inch nails are
used as contacts with the sand and are connected together by
a fevw turns of copper vre. The nuber of holes makes the
adjustability of the nails easy and their size holds the nails
securely at any desired depth. The average length of contact
between sand and nail is about one and one half inches, although
this varies widely with conditions in the box.
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To aid in the frequent sprinkling of the sand which is
necessary/ to insure good contacts both for electrodee and probes,
a bucket is attached to the camera framework. A siphon with a
sprinkler head makes this work easy and gives an easily controlle
and even distribution of water.
For locating and tracing equipotential lines ordinary
head phones connected to two insulated steel probes in the shape
of small screw-drivers are used.
The camera for photographing the results is permanently
mounted on a framework 4.75 feet above the center of the sand
box. The camera takes a five by seven inch picture and Wratten
and inwright panchromatic plates are used.
A complete list of ore bodies investigated and photo-
graphs of the apparatus appear in the appendix.
ke/~~ch of para /c~s
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LABORATORY PROCEDURE
The laboratory procedure consists of:
(1) Conditioning the sand.
(2) Adjustment of the electrodes.
(3) Burying the ore body.
(4) Tracing the equipotential lines.
(5) Outlining the lines with black wire.
(6) Taking a picture of tie results.
The conditioning7 of the sand consists of vwaterir it
thoroughly making sure that every part is covered. If the sand
is very dry it shwild be ivell mixed as it is watered so that the
whole box will be homogenous. This is not necessary if the sand
is already fairly damp since a sprinkling of the surface will give
the same result., For this reason it is best not to allow the sand
to dry out between experiments. After conditioning the sand, it
is smoothed over using a wood float, and the electrodes are placed
in their proper positions. In this work the electrodes were placed
at a distance of 30 inches apartmaking their minimum distance from
the edge of the box 11 inches.
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The adjustment of the electrodes is of vital importance
for accurate results. Plate I gives an example of what may
happen if the grounding is not even and experiments conducted
under these conditions would give false indications. For this
reason, before the ore bodyr to be tested is put in place, the
equipotential lines are traced to see that they are approximately
parallel to the electrodes. An erratic line means that current
is being concentrated at one part of the electrode at the expense
of the rest. This concentration of current may be due to two
reasons: first, one or more of the nails may have a better con-
tact with the sand than the others; or, second, the surface of
one nail in contact with the sand is greater than the others,
that is, the nail penetrates to a greater depth. To correct
such conditions, the placement and depths of the nails are
varied until proper equipotential lines result.
When an uniform flow of current has been established
the model to be examined is placed in the sand in the proper
attitude and depth. Care is taken that as little as possible
'of the sand is disturbed and that the sand is tamped in firmly
about the model.
The next step is the tracing of the equipotential
lines by means of the steel probes and head phones. The method
used is much the same as that in actual practice. One probe
is thrust into the sand at one end of the field to be prospected.
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The other is moved along by hand searching the ground for points
of equal potential. When a few have been located the free probe
traces a line in the ,and connecting them. When one line has been
run the length of the field, the stationary probe is moved to a
new position and the next line traced. If the top layer of sand
is damp and the induced currents in the head phone circuit are
weak, a narrow miminum is possible and the lines can be traced
with accuracy. The elimliation of much of the induced current
was accomplished by the arrangement of the wires from the buzzer,
but even this does not produce an absolute minimum. It was found
that if the operator grounded his body by touching the zinc lining
of the box, the minimum was much clearer. If the top layer of
sand is dry, the probes must penetrate to the damp sand under-
neath to get good results and for fine work the sand should be
sprinIkled imrediately before prospecting. If the ore body has a
wide cross section, the minimum is apt to be poor when pros-
pecting over it. The number of lines run depends upon the com-
plexity of the field.
When the lines have been traced, in order that they
way show up on a photograph, they are covered by thin, black
insulated wire. Hlagali this wire is rather difficult as it
has to be bent to conform exactly with the lines traced in the
sand. If this is not done accurately, careful work in tracing
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with the probes is wasted. The wires are hela in place on the
sand by small wire hairpins. After laying the wires, a piece
of cardboard cut in the shape of the plan of the buried model is
slipped under the wires directly above the position of the model
in the box, and the layout is ready to be photographed.
Photographing the results consists merely of taking
flas light pictures of the surface of the sand with the camera
mounted over the box. Much time was spent in finding the proper
exposure and opening for the camera and some of the pictures are
a trifle blurred. The opening finally decided upon was f38 using
a half sheet of Number 1 Flash Sheet.
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RESULTS OF LABORATORY EXPERIMENTS
The results of the thesis consist of a series of
pictures taken as described above. Unfortunately, the short
time did not permit anythinrg like a complete set.
A few simple conditions were used to illustrate
the results possible and then a few more complicated lay-
oats were investigated. Under each picture is a description
of tie ore body and its location. The pictures show both the
position of the equipotential liiies and the position of the
ore body.
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PLATE I-a
Normal.Equipotential Lines
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PLATE II
Model: large cylindrical graphite ore
body.
Depth: 0.5 inch.
Dip : zero degrees.
Position of major axis: at an angle of
20 degrees with a line perpendicular to
the electrodes.
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PLA'E III
Model: large coppe- block.
Depth: 2.5 inches.
Dip : zero degrees.
Position of major axis: per-
pendicular to electrodes.
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PLATE IV
Model: large copper block.
Depth: 2.5 inches.
Dip : 90 degrees.
Position of major axis: per-
pendicular to electrodes.
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PLATE V
Model; large copper block.
Depth: 2.5 inches.
Dip : 90 degrees.
Position of major axis:
vertical.
25
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PLATE VI
Model: large copper block.
Depth: upper edge is one inch
from the surface,
Dip : 45 degrees along the
minor axis, in direction of arrow.
Position of major axis* per-
pendicular to electrodes.
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Dip 45 degrees-in direction
of arrow.
Position of major axis: parallel
to electrodes.
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PLATE VIII
Model: two small graphite blocks.
Depth: 1.0 inch.
Dip : zero degrees.
Position of major axis: both major
axes are perpendicular to electrodes.
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PLATE II
Model: large copper sheet.
Depth: 2.0 inches.
Dip : 90 degrees.
Position of major axis: per-
pendicular to the electrodes.
The copper sheet is indicated
by line EF.
29
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PLATE I
Model: mat of copper wire.
Depth: 3.0 inch average.
Dip : approximately zero.
Position of major axis: approxi-
mately perpendicular to electrodes.
30
PLATE XI
Model: single, bare copper wire,
Number 22.
Depth: 1.0 inch.
Dip : zero degrees.
Position of major axis: perpendicular
.to eleetrodes.
31
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PLATE XII
Model: graphite ore body cut by fault
(represented by small copper sheet)
Depth: of graphite blocks, 1.0 inch
of sheet copper, 2.5 inches.
The model ore bodies are in the positions
as shown and the copper sheet is indicated
by the dotted line EF.
32
PLATE XIII
Depth: 1.5 inches
PLATE Ill
Depth: 3.0 inches.
Model: small copper block.
Dip : zero degrees.
Major Axis: perpendicular to
electrodes.
33
DISCUSSION OF RESULTS
The results of this thesis consist primarily of a
series of photographs which record the effects of various models
on equipotential lines. The clearness of the results is gratify-
ing, but their interpretation is not so simple as was originally
expected.
Experiments were first conducted to test the sensi-
tivity of the apparatus. These proved that the low resistance
of the sand, due to the saline content, made tests on ore bodies
other than relatively good conductors, impractical. For this
reason, the models were confined to such materials as copper,
lead, or graphite. The model having the greatest resistance
that could be used was made by melting flotation concentrates
and casti ng them in a rectangular mold. This specimen has a
ratio of conductivity with the sand of approximately one to
four. The reaction was definite but it marks the lowest possible
ratio that can be tested successfully.
The next work was that of improving tie electrode
spacing. This was carried out with the help of William H. Graves,Jr.
who was working on tpis problem. A typical electrode spacing
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using twelve three-inch nails over a distance of 53 inches is given
in the appendix. It was found that a close control of the equi-
potential lines was possible merely by changing the spacing or
the depth of contact of the nails. For example, if the lines
show a tendency to bulge away from the electrodes, they may be
straightened by decreasing the depti of contact of the nails
opposite the bulge. Similarly, if the lines tend to curve
in toward the electrodes, they can be forced out by increasing
the depth or the number of nails opposite that point. Plate I
shows the effect when one electrode is evenly grounded while the
other makes poor contact. To improve this layout, the contact
at "A" should be decreased by removing one or more of the nails
and reducing the depth of the others. The nails removed should
be inserted between the points ID" and "E" to increase the con-
tact. A little changing of depths should result in an even
grounding. Plate Ia shows a typical uniform field after all
proper adjustments have been made.
When the technique had been thus far developed, actual
tests were begun. Plate II shows an ideal condition for equi-
potential work. The model in this case is an excellent con-
ductor and lies near the surface. The lines cling to the edges
of the body and Live a very good outline. Prospecting across
the top of the model gave no minima; this would aid the sur-
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veyor in determining the approximate width of an ore body if the
conditions approach those of this test. Attention is called to
the point "A" on this plate where the equipotential lines come
close together. This is due to the difficulty found in placing
the wire markers although with practice it becomes easier to
follow the true lines.
The next series of plates shows the effect of a
tabular model in several positions. There may be used as stand-
ards to refer to in interpreting- more complicated results.
Plate III shows the effect of a wide conductor lying horizontally
at a medium depth. The lines in this case are widely distorted
arid show broad sweeping curves. The effect is felt at some dis-
tance from the model.
Plate IV shows the same model dipping at ninety degrees.
The curves are not so broad as in Plate III and the effect is not
so widely dispersed.
Plate V is a third position of the same model,and in
this case the major axis is vertical. The effect is far less
marked than in either of the other positions. There is a possi-
bility in the field that such a deposit might be overlooked if
reconnaissance lines were too widely spaced.
From these results, it is certain thtt the total mass
of buried conductors has little to do with the distortion, but
36
that the strike of the conductor is the factor which determines
the ultimate effect on the field.
Plates VI and VII are two studies made on the same
model to show the effect of dip. Plate VI shows a definite
change from the indication of Plate III where the model was
horizontal. The edge nearest the surface yields an effect re-
sembling a narrow conductor but the change in slope, as in
line "K", from a steep curve on one side of the peak to a more
gradual slope on the other leads one to suspect the true nature
of the deposit. This same effect is evident to a lesser degree
in Plate VII. Line "L" on tis photograph shows little definite
distortion, but,upon examining its entire length, the effect
will be observed.
These plates show that extremely careful examinatioDn
must be made of each equipotential line. Several lines in these
photographs do not give a true indication of the model, but if
every line is followed the true facts become evident.
Plate VIII is almost self-explanatory. Two parallel
blocks of graphite are buried in positions frequently met with
in actual practice, and both give good indications of their
presence. However, if the bodies are smallor if only re-
connaissance lines were run, an improper interpretation could
result. Suppose that lines "A" and "B" were run with none be-
tween to check the details. A plausible interpretation would
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be that an ore body was striking from "A" to "B" and a drill
hole would be put down at "C" for a check. This would, of
course, show barren rock and the survey would fail in its
mission. For this reason, all indications should be checked
by detailed work before trenching or drilling.
Plate IX is the record of an experiment made to de-
termine the effect of the width of a good conductor. A com-
parison of this plate with Plate IV will reveal the similarity
if the two surveys. The lines aboutthe copper sheet are a
trifle sharper than those about the wider model, but, when we
consider that the sheet copper is only 1.6 per cent as thick
as the copper block the slight variatiin of lines is not enough
to indicate it. Therefore, we may conclude that the width of
a conductor has little to do with its effect on the current
field unless it is very close to the surface, as the results
in Plate II indicate.
Plate X is an interesting study of the effect of
narrow continuous conductors. The model in this case is a
loose mat of bare copper wire much in the shape shown in the
photograph. The effect is seen to be strong, much more so
than that shown in Plate XIV where a solid copper block is
used of a corresponding cross section and depth. The apparent
discrepency is accounted for by the fact that the copper block
was covered by a thin coating of oxide which cuts down the ratio
38
of conductivity. This is a further proof that the mass of
the conductor is no measure of its effect. The ma ss of the
copper wire in this case is only 0.59 per cent of the mass
of the copper block.
After th.e wire model was investigated, it was decided
to determine the effect of non-continuous conductors. The
same wire was, therefore, cut into half inch lengths and
sprinkled through the sand in approximately the same position
as the mat had taken. Whllien the field was investigated, no
effect whatever was noted. Therefore,the conclusion is that
for equipotential work the ore body must be continuous as well
as conductive.
For practical application the non-continuous deposit
might be one resembling the Michigan copper ores or others in
which the ore is confined to small, disconnected pockets. The
wire mat might represent a deposit composed of numerous con-
ducting veins of complicated structure such as those found
at Butte.
The results of the last two experiments led to the
investigation of the effect of a single copper wire placed
perpendicular to the electrodes. The result is interesting
for the comparatively minute amount of conducting material
39
gives a noticeable reaction. In a practical application, the
wire might represent a buried water main.
Plate XII shovis the only attempt made at a complicated
arrangement of conductors. It represents as closely as possible
an ore body cut and displeced by a fault. The fault was re-
presented by sheet copper at a greater depth than the graphite
models. The greater depth was necessary so that the strong
deflection that is caused by the sheet would not entirely obliterate
the effects of the graphite blocks.
The large ore body is worked clearly at one end
and fairly well at the other, but the effect of the small ore
body is nearly overcome by that of the fault. The fault tends
to cause equipotential lines to parallel it, as in line "A".
An hasty interpretation wrould miss all but tde large 'ore body.
Only after detailed examLnation of the map would the presence
of a fault be suspected.
Plates XIII and XIV are of tvio tests made to show
the influence of depth on equipotential lines. The first
plate shows how closely the lines outline a conductor near
the surface and the second hovw the effect is modified as the
deQth increases. This factor of depth is probably the most
confusing factor to interpret correctly. It merges and masks
results so that a clear cut analysis is impossible.
40
In the course of making the above plates, a number
of extra tests were carried out but photographing was not
justified. Among these was one made to determine the effect
of the poorest of electrode groundings on a conductor. The
result was to minimize the amount of distortion, but the
effect was not destroyed.
Several tests were made on di-electrics but not
the slightest change was recorded in the equipotential lines.
This leads to the conclusion that in the field, unless a di-
electric is large and extremely close to the surface, no in-
dication will be observed. To accept this theory it is necessary
to understand that the effect of a di-electric is n)t the opposite
of a good conductor. A good conduotor forms a path of least
resistance which tends to concentrate the current, whereas
a di-electric merely resists the current within itself and
the path of least resistance becomes all of the surrounding
material.
An investigation was made of the effect of topography
on the equipotential lines. As far as could be determined
no effect was evident, that is, the plan of the lines re-
miained-unchanged.
41
CONCLUSIONS
A review of the results of this thesis leads to the
following conclusions:
(1) -
A proper spacing and grainding of electrodes is
essential for accurate results, but a good conductor will yield
an indication despite improper grounding.
(E) -
The presence of a di-electric mass cannot be dis-
covered by equipotential methods unless it lies very close to
the surface.
(5) -
The effect of a conductor on equipotential lines is
directly proportional to its length of strike perpendicular
to the electrodes.
(4) -
The position of an ore body has much more effect on
the behavior of equipotential lines than has its mass.
(5) -
The width of a conductor, unless lying near the -ur-
face, has little effect on the distortion of equipotential
lines.
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(6) -
Discontinuous conductors cannot be located by equi-
potential methods.
(7) -
All indications of conductors mut be detailed before
interpretation can be completed.
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RE0C0MIEND.ATIJNS FOR FURTHELR vYDiK
The possibilities for future work in this field
are unlimited. Compilation of a complete set of photographic
records is recommended. Such a catalogue should include a
number of complicated arrangements to determine how far re-
finements are possible in this type of work. As a further
consideration, reproduction of natural field conditions in
ilhe laboratory can well be attempted.
In carrying out further work, better results should
be obtained if the sand is washed to reduce its conductivity
and, if possible, a metal lining should be put in the box to
male it water-tight. If this is done, the sand can be kept
saturated with water, yielding more uniform conditions.
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A P P E N D I X
(1) - Description of Ore Bodies
Investigated.
(2) - Preparation of Model Ore
Bodies.
(3) - Electrode Spacing.
(4) - Photographs of Apparatus.
(5) - Bibliography.
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DESCRIPTIJN OF ORE BODIES INVESTIGATED
(1) - Large Copper Block:
Length.....
Width .................
Thickness .............
Weight .................
Ratio of Conductivity
........... ..... 15.5 inches
6.0
2.0
21.2
1 to
kilos
660
(2) - Small Copper Block:
Length..................
Width.................
Thickness..............
Weight ...............
Ratio of Conductivity..
7.5 inches
3.37 "
1.0 "
2.47 kilos
1 to 660
(3) - Large Copper Sheet:
Length .................
Width...................
Thickness...............
weight .................
Ratio of Conductivity ..
14.0 inches
14.0 "
0.032 "
980 grams
1 to 660
(4) - Small Copper Sheet:
Length...................
Whidth..................
Thickness................
Weight ..................
Ratio of Conductivity....
............
9.25 inches
4.5 "
0.032 "
213 grams
1 to 660
...
...
...
...
.....
....
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(5) - Large Graphite Cylinder:
Length...................................
Diameter ..............................
Leight ................... .......
Ratio of Conductivity ............
15.0 inches
2.25 "
1700 grams
1 to 1250
(6) - Small Graphite Blocks:
Length .................................
; idth..................................
Thickness................................
Vleight ................................
Ratio of Conductivity...................
6.5 inches
2.25 "
1.5 "
526 grams
1 to 1250
(7) - Matte:
Length ...............................
k-idth............................
Thickness ...............................
Weight..................................
Ratio of Conductivity..................
(8) - Copper Wire:
Number...................................
Weight................................
Ratio of Conductivity....................
22 annealed
14.5 grams
1 to 33,500
The pore volume of the sand was found to be 40 per cent
and the conductivity of the solution to be 0.530 ohms per cubic
centimeter. However, since the sand in which the experiments are
made is not saturated with water and, therefore, does not fulfill
the conditions required by Sundberg's curve, the author assumed
the effective pore volumes to be 20 per cent. This giv a
specific resistance of 0.0576 ohms per cubic centimeter for the
siand. This is the basis upon which the ratio of conductivity of
the models is computed.
5.75
7'5.5
0.75
1122
1 to
inches
grams
4
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PRE PARATION OF MODEL ORE BODIES
(a) - Solid Ore Bodies
This is the simplest type and the most easily made
and handled. The copper, lead, and carbon ore bodies that were
used were either cast when molten or cut from a larger piece.
They are easier to place accurately in the send and can be de-
pended upon to be uniform conductors.
(b) - Synthetic Ore Bodies
This is a type that offers a very wide range for
laboratory investigation. Several attempts were made by the
author in this direction, but the time srent in this f'ield was
too limited to give conclusive results.
An ore body of low grade matte was made by melting
up a small amount of flotation concentrates and pouring into a
mold. The conductivity was low but a definite reaction was in-
dicated when investigated in the sand box.
Attempts to simulate actual ore bodies were made, using
finely ground mineral or concentrates cemented together by means
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of a starch binder. This method makes possible the easy molding
of the material and allows the fashioning of difficult forms. This
type has two drawbacks, however. First, unless thSe model is large
enough, complicated details will give no appreciable distortion
of the field. Second, unless the model is kept well soaked its
ratio of conductivity will fall too low to be investigated by equi-
potential work. However, there are possibilities in this type and
it may be that true field conditions can be approximated with
these models.
Embedding ore mineral in cement or plaster probably
would not work for the conductivity would be very low, due to
the lack of penetrating solutions.
(c) - Special Ore Bodies
Like synthetic bodies, special materials offer many
possibilities. Bare copper wire and sheet copper were used in
this work. In the authort s opinion, it is often possible to
reproduce natural effects by the use of artifical materials such
as the substitutions of sheet copper for the conducting plane of
a fault.
There is also the obvious possibility of using actual
specimens of ore, but the ratio of conductivity with the sand
used would be small.
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In this investigation, the graphite ore bodies gave
the best reactions and were not subject to oxidation as were
the metallic models. The graphite niodels described above were
cut from discarded furna.ce electrodes and were easily shaped
to any desired form. Their effects were clear and they could
be used for finer detail work than any others.
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ELECTRODE SPACING
As stated above, the electrode spacing is dependent
upon the condition of the sand and the contact of the nails.
The spacing used is indicated in Figure 3 below and was re-
oommended by W. H. Graves, Jr. Good results were obtained
viith it and the adjustments required were minor.
Figure 3
Electrode 6 paciny
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PLATE XV
Photograph of Apparatus
A - electrodes.
B - head phones.
0 - searching rods.
D - model ore bodies.
E - sprinkling system.
F - camera.
LA
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A
PLATE VT
Battery and Buzzer Box
A - storage battery.
B - buzzer box.
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